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background: To develop a simple and noninvasive tool to estimate cardiac output (CO), we explored whether circulation time could be reliably 
measured by using dynamic change in oxygen (O2) saturation induced by breath hold (BH). We hypothesized that the derived lung to finger 
circulation time (LFCT) would be inversely correlated with invasively measured CO.
methods: Patients undergoing right heart catheterization for clinical indications were consecutively recruited. Each participant was instructed 
to hold breath for 20 - 40 sec (Mean BH time: 29. 6 ± 7.8 sec). In the presence of significant change in O2 saturation (as defined by ≥ 3% 
desaturation), LFCT was then measured from the end point of BH to the nadir point of O2 saturation (nadir O2). An average LFCT derived from 2-3 
repeated measurements was then correlated with the respective CO measurement obtained within 30 minutes. LFCT was also correlated with a 
circulating volume factor [right atrial pressure (Pra), pulmonary capillary wedge pressure (PCWP)] and a concentration factor (nadir O2).
results: Among 36 participants recruited for the study, 26 (16 Men, 10 Women; Mean age: 60.3 ± 9.8) manifested ≥ 3% O2 desaturation (Range: 
3 -12%; Mean desaturation: 5.5 ± 2.6 %) allowing for an LFCT measurement and data analysis (N=26). BH was well tolerated by all the participants. 
Repeated measures of LFCT were highly correlated (First vs. second LFCT R= 0.94, p=< 0.0001). LFCT ranged from 18.9 to 78.5 sec and overall 
mean LFCT was 32.2 ± 12.6 sec (Men: 34.2 ± 17.9; Women: 31.0 ± 8.2 sec). Mean CO was 4.6 ± 1.5 for Fick (N=26) and 5.5 ± 2.0 liter/min for 
thermodilution (N=19) respectively. LFCT showed strong inverse correlation with CO (Fick: R = -0.52, p = 0.006; Thermodilution: R= -0.56, p = 0.01) 
and modest positive correlation with PCWP (R=0.39, p = 0.049). Neither Pra nor nadir O2 showed significant correlation.
conclusions: Voluntary BH for 20-40 sec followed by resumption of breathing allowed reliable LFCT measurement. LFCT obtained by this method 
demonstrated strong inverse correlation with the invasively measured CO, providing a basis for further studies to explore the validity and potential 
utility of this noninvasive method to estimate CO
